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 The following thesis discusses the conceptual design of the Plasmatron One wind tunnel 
at the Center for Hypersonics and Entry Systems Studies (CHESS) at the University of Illinois at 
Urbana Champaign (UIUC). The centerpiece of the facility is an Inductively Coupled Plasma 
(ICP) torch capable of recreating flow conditions similar to what reentering spacecraft 
experience when passing through the atmosphere. The purpose of this facility is to 
experimentally study the physics of plasma flows, their interactions with a downstream sample 
of thermal protection material, and the response of the material as it is exposed to high reactive, 
high temperature flow. The data collected from the experiments conducted at the facility will be 
used to verify computer models as well as material performance characteristics. This thesis 
describes the preliminary design process and its respective considerations as well as the goals of 
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Even as humanity continues to solidify its foothold in space, we will always come back 
home to Earth. While Earth’s atmosphere gives us oxygen to breath and protects us from deadly 
solar rays, it also stands as one of the greatest barriers to returning home. With low Earth orbital 
velocities around 7.8 km/s, a spacecraft reentering the atmosphere at speed is surrounded by high 
enthalpy plasma that forms behind a strong bow shock in front of the vessel. As the atmosphere 
slows the spacecraft, the craft’s excessive kinetic energy is converted into heat which dissociates 
and ionizes the surrounding gasses. This results in a nonequilibrium chemically reactive mixture 
that pose a number of challenges, including electronic interference and radio blackout to name a 
few. One of the greatest issues is the aerothermal heating of the spacecraft’s exterior. The craft 
and its payload must be equipped with a heat shield to endure the re-entry phase and safely reach 
the ground. 
Ablative heat shields are a common Thermal Protection System (TPS) material 
technology used on high re-entry speed mission such as the Apollo moon return. This class of 
materials features a low thermal conductivity that prevents the heat from penetrating in depth. 
Once sufficiently heated, the surface will char via pyrolysis and oxidize upon interaction with the 
plasma flow. The combination of these processes and the materials physical properties protect 
the craft from the effects of aerothermal heating. Understanding the physical properties of 
ablators and their response to the plasma atmosphere is a critical part of the design of an entry 
system. A quantification of ablation phenomena allows engineers to determine the shielding 
thickness and its margins. Ground testing in plasma wind tunnels is an important part of the 
design process as it can produce data that characterizes the TPS material and validate its 




The Center for Hypersonic and Entry System Studies (CHESS) at the University of 
Illinois at Urbana Champaign (UIUC) is actively developing plasma facilities to study TPS 
materials under atmospheric re-entry conditions. This thesis focuses on the preliminary design 
process an Inductively Coupled Plasma (ICP) torch powered plasma wind tunnel, named 
Plasmatron One. The design is inspired by the ICP wind tunnels at the von Karman Institute 
(VKI) for fluid dynamics. The Plasmatron One will feature a feature a plasma jet capable of 
replicating the chemically reactive boundary layer around a re-entering body. The plasma jet will 
be characterized by a series of in-situ and optical measurement techniques to quantify the 
properties of the plasma flame as well as its interactions with an inserted sample. The means by 
which this is achieved is discussed in the following sections. 
The following thesis details the design process of the Plasmatron One preliminary design 
process. The section Design Goals discusses the measurement techniques the facility will be 
capable of utilizing while section Final Design shows how each technique is incorporated into 
the design. To ensure structural stability, simulations were conducted to predict possible 
concentration of stress. The details of these simulation are shown in Statics Simulations and the 
results are discussed in Statics Simulation Results. The ensure the facility would be capable of 
handling the thermal conditions produced by the ICP torch, a series of simulations were 
conducted to predict the behavior of the torch to various controlled flow conditions. The 
specifics of these simulations are explained in the section Plasma Simulations and the results are 





The Role of ICP Facilities in Re-entry Ground Testing 
 Inductively coupled Plasma (ICP) tunnels are an established technology used to simulate 
atmospheric re-entry conditions. Table 1 lists ICP facilities operated worldwide for TPS 
research.  
Table 1 High Enthalpy ICP Facilities for TPS Material Testing 









[kW] [MHz] [cm] [g/s] [kPa] [MJ/kg] 
Russia IPM 
IPG-3 750 0.44 15-20 <15 1.5-100 50 
IPG-4 100 1.76 8 <6 1.5-100 50 
China CARDC FD-31A 1000 0.44 8 - 0.5-20 60 








7.5-34 <50 <10 150 
PWK-3 375 .065 10 <20 <100 80 
IPG6-B 20 4 4 - <0.5 - 
France 
CORIA IPT-1 100 1.76 72 <5 10 17 
C. 
Supelec 
ICP Torch 50 4 5 2 101 - 
Belgium VKI 
Minitorch 15 27.6 3 <4 10 - 




ICP Torch 30 1.5-5 3.6 6-30 <25 50 
UT 
Austin 
ICP Torch 50 6 3 <0.5 101 - 
These facilities chose ICP as this method of plasma generation produces a chemically 
pure flow. It does so by utilizing a high amplitude, high frequency current passing through the 
torch’s coil – commonly labeled the coil excitation power (𝑃 ) – to induce an electric current in 
the injected flow. This induced current is then converted into heat through Ohmic dissipation due 
to the flow’s high electrical resistance. [1] An operational ICP torch can be seen in Figure 1. An 




#3). The torch coil (labeled by #2) then heats the injected gas through the aforementioned 
process. As energy used to heat the flow is transmitted through the coil’s magnetic field, the flow 
can be isolated from the coil by a chemically inert material such as quartz. Therefore, the initial 
chemical composition of the injected flow can be effectively controlled, and the plasma will not 
be contaminated during the heating process.  
 
Figure 1 Operational ICP torch from [1] 
Due to the fact that most wind tunnels are limited in flow rates, stagnation pressure, and 
Mach number when compared to atmospheric re-entry, ICP wind tunnels are used to recreate 
flight aerothermal conditions based of the concept of Local Heat Transfer Simulation (LHTS). 
Using LHTS, the stagnation point heat transfer of a blunt body experiencing hypersonic 
conditions can be recreated on a sample using high enthalpy subsonic flows. The concept of 
LHTS requires three conditions to be match. The total enthalpy, the stagnation pressure, and the 
velocity gradient of the subsonic flow must equal the conditions of the hypersonic flow [2]. To 




The coil excitation power is controlled to achieve the desired thermal conditions in the 
flow and can verified by intrusive measurement techniques. The stagnation pressure of the 
outflow is matched to upper-atmospheric pressures by surrounding the sample and superheated 
flow with a vacuum chamber. The pressure within the chamber can be controlled through a 
closed loop control system with inputs from pressure sensors and an output controlling a vacuum 
pump. The velocity gradient is match by controlling the mass flow rate to the ICP torch as well 
as the sample geometry. A relation between the radius of the blunt body experiencing hypersonic 
flow and a sample experiencing high enthalpy subsonic flows is found and explained in [3]. The 
relation was determined using boundary layer theory assuming the flow is in equilibrium outside 
of the boundary layer. The combination of the three control methods provides an experimental 






The following section discusses the design process of the Plasmatron One chamber. It 
details the considerations taken during the design, and the utility parameters required to ensure 
the facility functions properly and safely. The final design is detailed in the section Final Design. 
Design Goals 
The main goal of the Plasmatron One facility is to evaluate materials to be used for TPS. To 
achieve this goal, the chamber was designed to expose relevant material samples recreated re-
entry conditions and quantify the conditions it experiences all while reducing the need for 
maintenance and excessive down time. 
To recreate the conditions of re-entry, the chamber was designed to maintain an internal 
pressure similar to that seen in the upper atmosphere while operating with expected torch flow 
rates. This is to be achieved by continuously monitoring the chamber pressure and regulating it 
with a vacuum pump-throttling valve system, which automatically controlled with a closed loop 
control system. The recreate the thermal properties of the re-entry plasma flows, the coil 
excitation power supplied to the torch will be controlled, and the thermal properties will be 
verified through a series of intrusive measurement techniques. 
To characterize the test environment a series of intrusive and optical measurement technique 
will be used. Specifically, the pressure chamber was designed to allow a pitot tube to transverse 
the flame and measure the radial pressure profile, as wells as a Gardon gauge to measure the 
radial heat flux profile. The chamber will include a pressure transducer away from the flow to 
measure the static pressure inside the chamber as wells as provide input for the aforementioned 




the aforementioned measurement techniques, to quantify the interaction between the flow and 
the sample the thermal properties of the sample must be measured. To achieve this, it was 
determined that optical technics in the ultraviolet, visible and infrared range would be used to 
measure the temperature of the surface of the sample. As the pressure vessel must maintain 
vacuum during operation, optical measurements will be limited to a select range of frequencies 
that are transmissible through the windows of the vessel. To account for this limitation, the 
chamber was designed to accommodate windows composed of exotic materials with different 
transmission spectrums. This will allow measurement techniques utilizing a wide variety of 
frequencies, such as thermography, infrared radiometry.  To determine the effects of the flow on 
the sample, it was determined that optical emission spectroscopy would be used to characterize 
material gasification in the vicinity of the sample surface using side viewports. In addition, the 
chamber will be capable of accommodating high speed photography, laser-base techniques, 
including fluorescence and velocimetry, to further characterize the test environment and the near 
surface chemistry. 
To ensure the facility is operating as expected with minimal downtime required for 
maintenance, the pressure chamber was designed to facilitate and expedite any required 
maintenance. This goal is achieved by providing sufficient access to any operationally critical 
component, while avoiding any design feature that could lead to excessive wear and tear. Details 
on how each of these design goals were met in the final design are shown in the section Final 
Design. 
Statics Simulations 
To ensure the structural stability of the chamber during operation, a series of simulations were 




Method (FEM) simulation was performed inside of Solidworks™ 2019, on the major load 
bearing components of the chamber to predict the potential stresses the components will 
experience under vacuum. The two primary components of concern were the chamber wall and 
the chamber diffuser. The FEM analysis assumed the wall was rigidly fixed at the top and 
bottom of the cylindrical extrusion to simulate it being welded to circular flanges as seen in 
Figure 3. The simulation was loaded the wall under three forces: 1 atm pressure on the external 
surfaces of the chamber, 0.1 atm pressure on the internal surfaces, and gravity. As the torch 
operates at minimum of 0.3 bar (0.296 atm), the chamber is simulated at 0.1 atm as a safety 
factor. The analysis assumed the diffuser was rigidly fixed at the bottom of the cylindrical 
extrusion, as the diffuser is welded to a large circular flange as sheen in Figure 3. The simulation 
assumed the same load configuration as the chamber wall. The results of these simulations are 
shown in the section Statics Simulation Results. 
Facility Parameters 
The facility is operated by two major appliances: the plasma torch, and the vacuum pump. The 
two appliances work in unison under the command of one master control system to maintain the 
desired experimental conditions within the chamber. The plasma torch is the model PN-50 
produced by Tekna™. The flow parameters it is capable of achieving is shown in Table 2. 
Table 2 PN-50 Flow Parameters 
Property Value Units 
Mass Flow Rate 1.3-6 g/s 
Pressure .3-4 bar 
Enthalpy 6-31 MJ/kg 




 The PN-50 is powered by a Radio Frequency (RF) generator that outputs an 80 kW, 2-5 
MHz connection to the torch. The vacuum pump is the model GXS750 produced by Edwards™. 
The conditions it is capable of achieving are shown in Table 3 
Table 3 GXS750 Vacuum Properties 
Property Value Units 
Maximum Flow Rate 2300 m3/hr 
Minimum Pressure 10 mBar 
Inflow max temperature 2500 °𝐶 
Cooling is provided by interfacing the system with University of Illinois chilled water 
system, through a series of flow pumps and heat exchangers that maintain water pressure and 
temperature to the target conditions for the system.  
Plasma Simulations 
 A series of simulations were conducted to analyze the flow behavior for the selected 
torch system and predict a relation between the outflow temperatures to the controllable 
parameters of the torch system. Specifically, the coil excitation power, mass flow rate, and static 
pressure were the studied parameters. The commercially available simulation software, 
COMSOL™, was utilized to achieve this goal. A torch of similar specifications to the Tekna PN-
50 torch was built in the software. The geometry of the torch is presented in Figure 2 and the 
values of each dimension are shown in Table 4. The dimensional changes were required as the 
test case reported in [4] and [5] is based off the Tekna PL-50 torch, while the Plasmatron One 
facility will be utilizing the Tekna PN-50. Table 4 shows the relevant torch dimensions. Figure 2 
specifically shows the plasma flow area labeled by #1, the extended simulation field labeled by 






Figure 2 Dimension Parameters of ICP torch from [5]  
Table 4 Torch Simulation Dimensions 
Parameter Value [mm] Description 
𝑟  33 Axial length: Center of the coils 
𝑟  25 Inner radius: Sheath tube 
𝑟  3.7 Inner radius: Carrier tube 
𝑟  18.8 Inner radius: Central tube 
𝑟  50 Axial length: Computational domain 
𝐿  50 Height: Carrier tube and central tube 
𝐿  63 Height: Center of the lower coil 
𝐿  121 Height: Center of the upper coil 
𝐿  200 Height: Computational domain and sheath tube 
𝑑  6 Diameter: Coils 




Table 4 Torch Simulation Dimensions Cont. 
Parameter Value [mm] Description 
𝑑  2.2 Thickness: Central tube 
𝑑  3.5 Thickness: Sheath tube 
𝑣  N/A Carrier tube flow velocity 
𝑣  N/A Central tube flow velocity 
𝑣  N/A Sheath tube flow velocity 
A series of simulations were ran based off the flow parameters that the Tekna PN-50 
torch can achieve. All simulations were conducted using pure argon as the gas supply. Table 5 
shows the values of each flow parameter chosen to be simulated. Each unique combination of 
coil power, static pressure, and mass flow rate were simulated in the model. 
Table 5 Flow Condition Permutations 
Parameter Values Unit 
Coil Power 20, 30, 40, 50, 60, 70 kW 
Static Pressure .3, .5, .75, 1, 2, 3, 4  bar 
Mass Flow rate (?̇?)  1.3, 2, 4, 6 g/s 
As the model was simulated through a series of mass flow rates, the gas tube exit 
velocities had to be systematically calculated. To determine each individual gas tube flow 











Where 𝑣 is the total argon flow rate. The simulation was modeled with the governing 
equations and boundary conditions as described in [4]. The simulated electromagnetic field is 
governed by the four Maxwell equations, while the flow is governed by the continuity equation 
and the conservation of momentum and energy equations described by the Navier-Stokes. The 
simulation makes a number of assumptions, that being the torch is fully asymmetrical, containing 
only steady state, laminar 2D (axial and radial) flow fields with the coils modeled as parallel, 




local thermodynamic equilibrium (LTE) as well as negligible viscous dissipation, pressure work 
and displacement current. The simulation was built based off the detailed test case reported in 
[5]. The conducted simulation varied minorly from those described in [4] and [5] to better 
approximate the conditions expected within the facility, with the dimension modified to those 






 The results of the design process are detailed in the following sections. The section Final 
Design shows how each goal described in the section Design Goals were successfully 
implemented while the sections Statics Simulation Results and Plasma Simulation Results 
describe the results of the simulations described in the sections Statics Simulations and Plasma 
Simulations 
Final Design 
Figure 3 shows the labeled components of the chamber design. The details pertaining to the 
labeled components, their dimensions, and purposes are given in Table 6. An X-ray view of the 





Figure 3 Front Chamber View 
Table 6 Chamber component Descriptions 
# Component Dimensions Amount Purpose 
1 Chamber outlet flange 6” O.D. CF 
flange 
1 Connection to vacuum pump for 
chamber evacuation 
2 Diffuser access 
connection 
2.75” O.D. CF 
flange 
3 Connections for safety devices and 
sensors 
3 Diffuser heat 
exchanger connection 
2.75” O.D. CF 
flange 
6 Support for and water connection 
to diffuser heat exchanger 
4 Diffuser 1m to .1m O.D. × 
.5m H 
1 Funnel heated gasses to outlet and 
house heat exchanger 
5 Main chamber wall 1m O.D. × 1.1m 
H 






Table 6 Chamber component Descriptions 
# Component Dimensions Amount Purpose 
6 Chamber arms .5m travel 6 Translate sensors and specimens 
across chamber 
7 Chamber access 
door 
.7m O.D 2 Provide access to samples and sensors 
8 Chamber side 
window 
8” O.D. CF 
flange 
4 Provide optical view of flame and 
specimens 
9 Chamber base 
window 
8” O.D. CF 
flange 
2 Provide line of sight view of 
specimen’s base 
10 Chamber supports  1 Support full weight of chamber 
 
 




All four side windows labeled by #8 and the door window, labeled by #7 in Figure 3, are 
composed of fused quartz with properties shown in Table 7. 
Table 7 Properties of Fused Quartz 
Transmission Range 180 nm to 2.9μm [6] 
Compressive Strength 1150 MPa [7] 
Tensile Strength 50 MPa [7] 
Bending Strength 67 MPa [7] 
Due to its optical properties it the optimum material for use in the near infrared and visual 
spectrum measurements. However, due to its material strength in comparison to steel (tensile 
yield strength of 205 MPA [8]), the maximum window size must be limited to ensure the 
window does not fracture and compromise the vacuum contained in the chamber. The viewport 
provides a 5.38” diameter view [6] of the sample and maintains vacuum through its ConFlat type 
seal geometry and a copper gasket in between it and the flange it is attached to.  
The side windows are composed of four windows paired into two stacks opposite each 
other with one window on top of the other as shown in Figure 3. The bottom side windows 
provide a clear view of the upstream plasma jet and enable near freestream and near surface and 
diagnostics in front of the sample. The center of the side windows is located 5mm above the base 
of the sample. This provides approximately 77mm of view upstream of the sample so that the 
interactions in between the base of the sample and the flame can be observed. The top side 
windows are positioned to provide an unobstructed side view of the flow downstream of the 
sample.  
The base windows labeled by #9 in Figure 3, are placed at a 45° angle to base of the 
chamber. The location radially along the base was determined to ensure the center of window 




interaction between the sample and the plasma. This view will primarily be used for optical 
measurements aimed at the sample surface. The chamber bottom plate is also is equipped with 
ports specifically dictated for exotic windows to provide a variety of transmission ranges. These 
are the two smaller windows seen in Figure 4 with a viewing diameter of 90mm. These windows 
are aimed at the base of the sample to allow for thermography, infrared radiography, and other 
various infrared measurement techniques. The facility is currently designed to use KRS-5 and 
germanium windows, though other material can be accommodated. 
 The chamber is equipped with linearly actuated arms that can hold intrusive probes for 
flow characterization up to four can hold a sample. The facility is designed for sample of sizes 
<40mm diameter and varying thickness. Samples are injected into the plasma jet by four of the 
arms labeled by #6 in Figure 3. The arms are controlled by a linear screw-driven actuator that is 
capable of moving the arm at 430 mm/s. The actuator was chosen to manipulate the arms 
because of the speed it can achieve. A goal of the design was to ensure the sample does not 
experience non-uniform heating during the injection process. Based on the simulation results 
shown in Figure 11 to Figure 13, the sample will need to traverse approximately 25mm of a non-
uniform heat profile before reaching the center of the torch. Given the speed the linear actuator is 
capable of achieving, the sample will experience a no more than 0.06 seconds of non-uniform 
heating. This amount of time is considered sufficiently small that the effects of non-uniform 
heating can be considered negligible. 
 Two of the injection arms are permanently dedicated to host in-situ measurement devices: 
a pitot pressure sensor and a Gardon gauge. In combination with the actuator system, these are 





 The arms themselves, consist of three concentric tubes. The center most tube is used to 
house any wires needed for the in-situ measurement devices. The area between the center tube 
and the second tube is the water in line through which chilled water will be flowing. The area 
between the outer tube and the second tube is the water out-line through which heated water will 
be returned to the water circuit. To avoid any potential damage due to thermal expansion, the 
afore mentioned water circuit is included in the design to provide active cooling.  
 As the arms must be capable moving within the chamber while the linear actuator 
remains outside, a seal must be maintained between the arms and the chamber. To ensure the 
vacuum is not compromised, it was determined the expanding bellows will be used to encase the 
arms in vacuum while providing sufficient compliance for the arms to move throughout the 
chamber. As one end of the bellows is sealed to the flange on the side of the chamber, and the 
other is sealed to side of the arm, there is no relative motion between any material used in the 
seal. This avoids potential wear on the seals that could compromise the vacuum. To avoid metal 
to metal contact between the arm and the flange, an insert composed of Peek was designed to be 
placed around the arm reducing wear potential.  
 Plasma to water heat exchangers were incorporated into the design to ensure the 
components downstream of the torch outlet do not experience heating beyond acceptable 
temperatures. The top heat exchanger, as seen in Figure 4, covers the top cross-section of the 
pressure vessel and cools the plasma before it flows to the pump.  It is composed of three parallel 
2” copper tubes stacked on top of each other, as seen in Figure 4. These copper tubes are to be 
encased in square aluminum fins (not rendered), commonly used in the HVAC industry and are 
commercially available. The aluminum fins were chosen primarily for their accessibility, and 




vessel is designed with maintenance in mind. The diffuser, labeled by #4 in Figure 3, is attached 
to the pressure vessel through easily removable screws. Using a dolly crane, the entire diffuser 
can be removed with ease. This was designed specifically to ensure any maintenance required on 
the heat exchangers can be done so with accessibility and efficiency. As the heat exchanger is an 
operationally critical component, the ease of maintenance and the replaceability of the 
components will reduce overall maintenance time. The side heat exchanger, as seen in Figure 4, 
is similarly composed of one 2” copper pipe formed into a one meter outer diameter coil 
wrapped around the inside of the pressure vessel. The purpose of this heat exchanger is to ensure 
the chamber walls do not experience excessive heat buildup during longer tests.  
 All heat exchangers are mounted only to the chamber through their respective connection 
ports. The top heat exchanger ports are labeled by #3 in Figure 3 and can be seen in greater detail 
in Figure 4. This mounting method was specifically chosen to avoid any permanent attachment 
methods that could hinder or prolong the removal of the exchangers for any required 
maintenance.  
 Once the preliminary design process had been completed, the design was forwarded to 
the engineering team at Kurt J. Lesker™ for consideration and manufacturing. The team 
proposed a modified design, it was agreed upon and the manufacturing process began. The final 






Figure 5 Isometric View of Manufacturer's Design 
Statics Simulation Results 
 To verify the structural stability of the final design, an FEM analysis was conducted as 
described in the section Statics Simulations. The following section details the results of those 
simulations. Figure 6 shows the results of the chamber wall simulation, and Figure 7 shows the 





Figure 6 Chamber Wall Static Simulation Result  
 
 As seen in Figure 6, the chamber does not experience any localized stress greater than 
15.12 MPa, which is only ~ 8.9% of the yield strength of AISI Type 316L stainless steel, the 




As seen in Figure 4, this opening will be further reinforced by the large door flange which will 
be welded to the inside of the opening. 
 
Figure 7 Chamber Diffuser Static Simulation Results 
 
 As seen in Figure 7, the diffuser does not exceed 11.17 MPa of localized stress, which is 
only ~ 6.6% of the yield strength. Similar to the chamber wall, this stress is only experienced 
near the side openings of the diffuser. As seen in Figure 4, these openings will also be further 
supported by internal weldments to external flanges.  
 As neither simulation shows excessive stress even under exaggerated conditions, it can be 




Plasma Simulation Results 
The results of the COMSOL simulations described in the section Plasma Simulations is shown 
in the following section. The temperature, scalar flow velocity, and stagnation pressure maps are 
presented in Figure 8 to Figure 10 for the plasma flow at the central cross-section of the torch. 
The figures show the simulation results for the operating conditions at a mass flow rate (?̇?) of 6 
g/s, a static pressure (𝑃 ) of 4 bar and a coil excitation power (𝑃 ) of 80 kW. It is observed 
that the flow reaches a maximum exit temperature of 9329°K and a maximum exit velocity of 77 
m/s. Flow features induced by the injection method can be seen in both the streamlines of Figure 
8 and in Figure 9. Vorticity in the flow is induced due to the injected flow velocity distribution as 
described in (1). Figure 8 shows the interaction between the vorticity and the generated plasma. 
This can be seen by the streamlines encircling the lower portion of the temperature profile. The 
streamlines can be seen to pull the temperature profile downstream slight and therefore shows 
that the vorticity helps retain heat within the core of the plasma torch.  
 Figure 11 shows the radial temperature profile of the flow at the outlet of the torch as it is 
varied by mass flow rate while maintaining maximum operating exit static pressure and coil 
excitation power. The figure shows that lower flow rates produce flatter temperature profiles. 
This is most notably seen in the smallest flow rate of 6g/s where there is an approximately 
consistent temperature region spanning up to 20mm radially. These results are consistent with 
the results in presented [1]. Figure 12 and Figure 13 show the radial temperature profile of the 
flow at the outlet of the torch as it is varied by coil excitation power at maximum and minimum 
operating pressure and mass flow rate, respectively. The centerline temperature can be seen to 
increase from 8772°K at 20kW to 9248°K at 80kW. These results are consistent with the 




averaged temperature in relation to the coil excitation power. The figure only show data for 





















Figure 11 Radial Outlet Temperature Varied by ?̇? at 𝑃  = 4 bar and 𝑃 = 80 kW 
 
 





Figure 13 Radial Outlet Temperature Varied by Coil Power at 𝑃  = 4 bar and ?̇? = 6 g/s 
 
 






 To further research in TPS materials, a inductively coupled plasma wind tunnel is under 
development at the University of Illinois. This work discussed the preliminary design of the 
experimental setup. Throughout the design process components were selected and simulation 
were carried to predict the behavior of the facility and the integrity of the components during 
operation. We presented the detailed design of the environmental chamber, including viewports, 
heat exchangers and probe manipulation system. A series of static simulations corroborated 
robustness of the vacuum vessel under selected operational conditions. A series of torch 
simulations were used to predict the expected temperatures for the plasma flow. The presented 
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